riods of the Late Glacial, while Churska was of the opinion that those processes took place in the cold periods.
The literature on dry valleys largely deals with the upland regions of Poland (e.g. Dylik 1953; Jahn 1956; Klatkowa 1965; Maruszczak 1968) . The latest studies addressing denudation issues, still infrequent, also tackle the effect of human activity on its pattern (Borówka 1992 (Borówka , 1994 Smolska 2002; Szpikowski 2005) . Despite a considerable body of literature on the subject, studies of the operation and formation of valley landforms in postglacial areas, including the Drawsko Lakeland, are still scarce.
The aim of this article is to describe the development and operation of erosional-denudational valleys. Through a geomorphological analysis of selected valleys in the Drawsko Lakeland, it was demonstrated how significant they were for the reconstruction of Late Glacial conditions.
Study area
In geographical terms (Kondracki 2000) , the study area lies in the macro-region of the West Pomeranian Lakeland (sub-province of the Southern Baltic Lakeland) and is a part of the Drawsko Lakeland meso-region (Fig. 1) . The research covered 289.51 km 2 of the catchment of the Dębnica river, a left-bank tributary of the Parsęta. The principal hydrographic artery of this area, the Dębnica carries water away from postglacial uplands. There are two terraces in the valley floor: the floodplain and a cut-and-built terrace above it. With a channel gradient of 0.5‰, the river meanders within its valley floor, whose width grows considerably, locally to more than 1 km. In the scarp zones of morainic uplands and on slopes of valleys there are distinct small erosional-denudational valleys and gullies, either drained episodically or dry. On the slopes of the Dębnica valley numerous such erosional-denudational valleys were found to occur (Paluszkiewicz 2007 (Paluszkiewicz , 2008 (Paluszkiewicz , 2009 . A detailed research was conducted in two areas: the Buślarka upland zone and the Piaski Pomorskie upland zone (Fig. 1 ).
Morainic upland in the Buślarka area
The study area embraced the scarp of the morainic upland in the Buślarka area (some 2 km NE of Połczyn Zdrój). According to the geomorpho- ance and development of erosional-denudational valleys. Their orientation is perpendicular to the valley axis and they feature distinctly in the relief, being incised into the upland surface to a depth of 2 to 4 m. Along the entire length of the scarp extending for some 4 km, a total of 16 NW-SE-oriented erosional-denudational valleys were identified, clearly marked in the relief. All of them are dry, but three display a permanent runoff. Most of them are single landforms varying in length from more than ten to more than 100 m, but there are also some that consist of a trunk valley and several lateral ones.
Within the scarp zone, in its southern and central parts, the valleys are incised in sands and gravels with an admixture of boulders. Those deposits lie on the land surface under a thin cover of glacial tills and sands, and crop out on the slopes of the Dębnica valley, also in the region of the Buślarka Hills. In the northern part of the scarp, certain differences in the deposits can be observed: the outlet sections of the valleys are incised in sand-gravel deposits, while their middle and upper reaches are incised in sand-silt-gravel deposits, which occur here in the form of covers of varying thickness on ground-morainic tills. The thickness of deposits differs; it attains a maximum of 5 m.
Morainic upland of the Piaski Pomorskie area
The scarp of the morainic upland of the Piaski Pomorskie region shows a W-E orientation (Fig.  2) . Its length is about 6 km, and its absolute altitude ranges from 100 to 125 m a.s.l. The scarp is dissected by numerous small, dry erosionaldenudational valleys differing in length and the depth of channel incision. Along the length of the scarp an inventory was made of 20 dissections running N-S, clearly discernible in the relief. Less distinct in the relief are the alluvial cones accompanying the valleys.
By the subzones of the Parsęta lobe distinguished by Karczewski (1989) , the study area is situated on the highest, 7 th , level of the morainic upland of the northern slope of Pomerania. The dominant elements of the relief are an undulating morainic upland in the north and valleys and cut-and-built meltwater plains in the south. In the western part there are dead-ice morainic hills.
Study methods
In order to make the right choice of landforms for a representative study even before fieldwork, an analysis was made of archival topographic maps at a scale of 1:10 000, which allowed such a selection. Because of the insufficient accuracy of the topographic maps and the size of the valleys, it was necessary to perform direct topographic measurements of those landforms. Their accuracy is especially important because of the propagation of error when calculating derivative topographic parameters (gradient, length of dissections, floor width, depth). The measurements were carried out using Elta RAR 50 equipment and, when necessary, supplemented with tachymetric measurements. Such precise measurements of the erosional dissections, combined with geomorphological mapping with the use of GIS methods, allowed making height profiles as well as transverse and longitudinal cross-sections of the valleys.
To solve the research problem posed, it was of fundamental importance to determine the geological structure of the study area. The basic sources of information were exposures and profiles made within them, while borings played an auxiliary role in this task. An analysis of deposits in the exposures provided a basis for a reconstruction of sedimentation conditions. In addition, cuttings and exposures were made on the slopes and in the floors of the landforms examined.
The next research stage involved a laboratory examination of samples taken in the field. Laboratory analyses and the accompanying indoor processing of their results embraced the following:
an analysis of the mechanical composition -of deposits using Cassagrande's areometricsieve method modified by Prószyński (Racinowski 1973; Płochniewski 1986 ), determination of the calcium carbonate -(CaCO 3 ) content using Scheibler's apparatus, and an analysis of the abrasion grade of quartz -grains using Krygowski's (1964) mechanical graniformametry method for the fractions of 1.25-1.0 mm and 1.0-0.8 mm.
To handle the results obtained during fieldwork and laboratory analyses and to process cartographic material, use was made mostly of the software available in the Department of Geoecology and the Faculty of Geographical and Geological Sciences of Adam Mickiewicz University in Poznań.
Morphometric features of the valleys and their paleogeographical reading
The slope asymmetry of dry valley landforms is a widely known phenomenon and has been frequently addressed in the literature (e.g. Mojski 1950 , Jahn 1956 , Maruszczak 1956 , Churska 1965 , Klatkowa 1965 , Gołębiewski 1981 . It is thought to be connected primarily with the dominant role of climatic factors responsible for differences in the processes working on the opposite slopes and their dynamics. When analysing the transverse profiles of the valleys in the study area, this dependence was found to hold for the Piaski Pomorskie scarp zone (Paluszkiewicz 2009 ). The profiles show an asymmetry in which the slope with an eastern exposure is gentler (Figs. 3, 4) . Differences in the gradients of the steep and the gentle slope attain a few degrees (2 o -9 o ). In the valleys that have formed in the Buślarka upland zone, differences in the inclination of the E and W slopes are slight, about 2 o . The asymmetry is slight, but significantly regular; it is as a rule 'heat asymmetry': the slopes with a warm exposure tend to be steeper. A similar dependence was observed by Churska (1965) in dry valleys of northern Poland, within the Kujavia Stage. According to Tricart (1950) , on slopes with a southern exposure permafrost is poorly developed, which makes them defrost and dry quickly in spring. Thus, the role of regelation and cryoturbation in slope modelling is small. On shaded north-facing slopes permafrost is better developed and the slopes are made gentler by intensive slope processes. The asymmetry suggests that the valleys started to form already in the Late Vistulian. Another indication is the absence of alluvial cones at their outlets. The dissections under study differ in their mode of formation and morphometric features. In terms of size, they are small landforms (Figs 3, 4) . Most are single valleys 30 to 130 m long, but there are also some consisting of a trunk valley joined by one or several lateral ones (Fig. 4) .
Lateral valleys hang above the floor of the trunk valley, which is evidence of their later formation. Their length is small (a maximum of a few metres). Most have a flat floor. The depth of the incisions displays considerable differences along the entire length; the deepest incised sections are the central ones, to about 3-4 m, and the least incised are the outlet ones. The long profile, running W-E and NW-SE, is usually even, although some dissections have a stepped profile. The analysis of the long profiles of the valleys clearly shows their middle parts to have undergone the deepest incision in relation to the original surface. The profile gradient is about 6 o on average. The floor becomes flatter down-valley and the boundary between the floor and the slopes grows more distinct. This is a result of the accumulative character of the floor, on which has gathered material transported from the up-valley sections. The gradient decreases towards the outlet of the valleys. erosional-denudational valleys and their signifiCanCe for the reConstruCtion of the late glaCial environMental Conditions...
Lithofacies characteristics of deposits
To determine the lithofacies variability of deposits, they were characterised on the basis of cuttings and hand borings made both in the valleys and in the upland zone. The details allow some generalisations and the tracing of lithofacies patterns characteristic of the head and outlet sections of the studied landforms. The dominant group of deposits is fine sands accounting for 41.3% of the population (44 samples). The proportions of the remaining fractions look as follows: medium sand -36%, coarse gravel -17.4%, fine gravel -3.8%, medium gravel -1.3%, and fine silt -0.2%. In the head zones of a decided majority of the valleys one can distinguish three basic lithofacies: a sand-stone near-surface layer (the initial -stage in the development of the valleys); a layer of the erosional pavement; and -a series of massive fine and medium-grained -sands. The series observed in the lowest parts of the erosional-denudational valleys are largely a continuation of those in the central sections. The following lithofacies were distinguished: a series of fine yellow sands, genetically con--nected with surface runoff and slope wash, a stone-gravel layer providing resistance -against a further lowering of the erosional base of the valleys, and fine sands with flow-derived gravel-stone in--tercalations, which are a continuation of the in situ series of the central sections of the valleys.
To learn about differences in the sedimentary environment in the head and outlet zones of the valleys, a comparison was made of the frequency curves of deposits (Fig. 5 ). There is a readily visible difference in their shapes. Those for the lower parts of the valleys show elevated levels of coarser material, here coarse sands and gravels. The frequency curves for the upper parts display two main modes corresponding to the fractions of medium and fine sands. A more distinct mode in the coarser fraction shows the supply of this material to prevail in the heads of the valleys. It was also observed that deposits in the outlet sections were poorer sorted than those in the upper parts.
The sand lithofacies was analysed for the abrasion grade of quartz grains using Krygowski's (1964) mechanical graniformametry method. In the light of his typology, the most frequent quartz grains in the deposits are those of type α, characterised by very low abrasion. This type of quartz grains of the sand fraction is characteristic, among other things, of glacial environments, which are enriched with cracked grains or ones without abrasion. In this environment the grains do not alter the character of the surface; rather, they undergo conservation (Goździk & Mycielska-Dowgiałło 1982) . The abrasion grade of quartz grains of sand plays an important role in the genetic and dynamic interpretation of Quaternary deposits (Mycielska-Dowgiałło & Woronko 1998). It allows drawing conclusions about processes working on the deposits and conditions holding in the period preceding their deposition and transport.
The examination of the abrasion grade of quartz grains shows a marked bimodality of the distribution and a considerable predominance of grains of type β, i.e. ones of a medium level of abrasion. The bimodality shows in a great proportion of angular material (type α, up to 60%) and intermediate one (type β, up to 40%). Such a distribution of the grain mass is indicative of admixtures from various environments, as pointed out by Kostrzewski (1971) . The observed predominance of grains of type β can even exceed 90%; such a high proportion of this type of grains may additionally indicate a substantial degree of aeolisation of the mineral material. Differences in the abrasion grade of grains are easy to observe when expressed by the abrasion index W o , which assumes values in excess of 1000 for deposit samples with a high content of grains of type β.
A reconstruction of the dynamics of denudational processes
Late Vistulian slope processes started in the uplands of the Dębnica valley region after the recession of the last inland ice, i.e. about 15 ka BP. With its retreat, waters flowing in marginal valleys changed course towards the north, cutting successive younger marginal zones and creating water-gaps. In turn, the melting of dead-ice blocks started the inclusion of subglacial tunnel valleys, terminal basins and melt-out basins into the river system (Florek 1991; Błaszkiewicz 1998 Błaszkiewicz , 2005 . The final stage of dead-ice melting saw a reorientation of the direction of meltwater flow towards the Białogard basin in the north. As a result of heavy bottom and lateral erosion, there developed a broad meltwater channel in the Dębnica trough with a system of three levels of cut-and-built terraces. Towards the end of the Pleistocene there formed a terrace above the Dębnica floodplain and small hillocks of dunes (Dobracka, 2009) . Along the upland scarps numerous denudational valleys developed, later filled with diluvial material.
Because of insufficient evidence in deposits, the stages of formation of the valleys were reconstructed with the help of the literature on the subject. Presumably, the first stage can be dated to the Oldest Dryas. As Kozarski (1995) claims, at that time the climate in northern Poland was cold and dry, with a mean annual temperature of -1 o C favourable to the persistence of permafrost. The predominant type of vegetation was dwarf-shrub tundra (Tobolski 1998). In such conditions, there was intensive denudation in the upper parts of the valleys (Maruszczak 1968), while solifluction predominated in the lower sections in the north. When describing the evolution of valleys and hollows on the slopes of the Warta-Noteć Pradolina, Churska (1965) observes that what could be an impulse for the development of erosional hollows were cracks in the land surface, and in the case of dry valleys, mass movement on the slopes, but with water flowing down the slopes and along their axes as the dominant factor. In turn, for Marsz (1964 Marsz ( , 1995 the first stage of development of valleys dissecting the scarp of the Kashubian Pradolina involved the appearance of hollows produced by erosion and intensive denudation that accompanied it. One of the chief processes initiating the formation of the valleys studied was the erosional action of water flowing down the slopes. Also Gołębiewski (1981) believed erosion to have played a major role in the first period of development of dry valleys.
In the Bölling, owing to the degradation of permafrost in entire central Europe, the role of solifluction in the modelling of the valleys declined sharply (Kozarski 1995), which was due, among other things, to the appearance of a compact plant cover. In the central part of north-western Poland, it was already in the Bölling that an initial birch-dominated forest appeared (Tobolski 1998). A dense plant cover certainly also greatly reduced slope wash in the valleys. The process that crucially contributed to their development was erosion advancing along their floors. Its intensity could be due to great amounts of water from the melting permafrost, which survived in the ground despite the Bölling warming (Kozarski & Nowaczyk 1995) . The gradual advance of a compact plant cover effectively reduced the supply of material along the slopes, which in turn made destructive action easier. A visible indication of Bölling erosion is the erosional pavement found in the valleys in the form of gravel-stone levels. Among the authors who wrote about erosional stages within dry valley landforms in periods of climate amelioration and increased humidity are Klatkowa (1965) , and about erosion in the Bölling, Marsz (1964) and Maruszczak (1968) .
In the short cold stage of the Older Dryas, as Ralska-Jasiewiczowa & Starkel (1991) claims, the advance of forest formations could stop, or even suffer a reversal. The role of erosion in the shaping of the valleys weakened, also as a result of climate change. This could result in the valley floors becoming covered with deposits deriving primarily from wash. A short-lived increase in the role of accumulation in the colder stage is also mentioned by Maruszczak (1968) . In the erosional-denudational valleys under study it is hard to identify with any certainty slope series whose formation might be connected with the Older Dryas.
In the Alleröd, erosion comes to prominence again in the formation of the valleys (Marsz 1964 (Marsz ,1995 Maruszczak 1968) , facilitated by a very small supply of material from the catchments of the valleys owing to the presence of the plant cover and an increase in humidity. Erosion was the heaviest during intensive rainfalls in the lower and middle parts of the valleys, which was certainly connected with the considerable gradient of their long profile in the middle sections.
In the Younger Dryas the role of denudation in slope formation increased again. The material transported downslope accumulated on the valley floors (Marsz 1964 (Marsz , 1998 Maruszczak 1968) . There developed thin covers of slope deposits of a much smaller extent than in the Oldest Dryas. It was a period of marked cooling and a drop in humidity, which activated slope processes in the already well-developed valleys and reduced erosion along their floors. Conditions at the Late Vistulian-Holocene boundary -a climatic warming, an increase in humidity -could make slope processes more intensive (Ralska-Jasiewiczowa et al. 2003) . Presumably, there could also still appear solifluction because of the shallow-lying permafrost. The appearance of man and his economic activity -slash-and-burn agriculture and land cultivation -contributed to the activation of slope processes in the younger Holocene. From the beginning of the Holocene to the start of human settlement, slope deposits were almost completely absent, as found by e.g. Starkel (1989 ), Borówka (1992 , 1994 , Twardy (2000), and Smolska (2003) . Neo-Holocene diluvial deposits appear in only those landforms near which man carried out his economic activity.
In one of the erosional-denudational valleys of the Piaski Pomorskie scarp zone, peat deposits lying at a depth of 1 m below ground-level were dated using the 14 C method. The exposure was situated in the distal part of the alluvial cone. The analysis embraced three samples: the bottom of the peat deposits was dated to 2 100±30 BP (Poz-22990, calibrated to 198BC (95.4%) 46 BC using the OxCal program), the central part, to 1 965±35 BP (Poz-229910, 44 BC (91.0%) 88 AD), and the top, to 1 835±35 BP (Poz-22992, 81 AD (95.4%) 253 AD). The content of organic matter in the samples exceeded 80%. The above 14 C dates show the valley to have formed in the Sub-Atlantic period. When correlating them with archaeological studies conducted in Central Pomerania, one can find that in the Roman period the lands near the examined valleys were densely inhabited by people of the Wielbark culture (Machajewski 2006) . At that time the chief factor activating slope processes was human activity.
Conclusions
The research conducted in West Pomerania made it possible to identify tens of erosionaldenudational valleys located within morainic uplands. Those on the morainic upland discussed in this article are landforms in which Late Vistulian erosion only rejuvenated the already existing older forms. They are valley systems following an old pattern. Their geomorphological characteristics presented in the article allow some generalisations. They are small landforms whose length does not exceed 100 m, and the depth of incision attains up to 4 m. In their long profile the following parts can be distinguished: valley head -narrow-floor section -widening outlet section -alluvial fan. Alluvial fans of the valleys under analysis are not prominent features of the relief. The most incised middle segments of the valleys have sides with the steepest slope angle, even in excess of 26°. In deposits, where the dominant fraction is fine sand, there is a marked zone of erosion pavement -a stone-gravel layer which is a barrier to further lowering of the erosion base of the valleys. In view of the nature of the deposits, the basic processes modelling the development of the valleys must be those of wash and erosion. Today, the deforestation of their scarp zones significantly limits further development of the valley landforms, and their dry floors are largely shaped by episodic water flows.
